Abstract-Grounded theory is an approach that can be used to analyse qualitative data. It is a systematic approach for data collection, handling and analysis. The objective of this paper is to present adapted grounded theory approach as data analysis strategy to identify value-based factors in software development. The grounded theory procedure started with data extraction and initial coding, memo writing and constant comparative analysis and finally identification of core categories and writing memos. Initial data extracted were 74 which were obtained from 28 sources generally related with software development. After constant comparison and memoing, the valid data (value-based factors) were reduced to 33 with six core categories (classification of value-based factors).
I. INTRODUCTION
Value-Based Software Engineering (VBSE) is an emergent concept in software engineering principles with the purpose to increase the value of the software product. Boehm and Sullivan [1] have argued that value-added should be incorporated in software engineering practices. In addition, any decisions made when accomplishing software engineering activities should consider value-added elements as well. VBSE aims a shift from a value-neutral setting to a valuecentric approach in software engineering [2] . Boehm [3] has suggested various value-oriented elements that could be considered in the software engineering practices such as in requirements engineering, architecting, design and development, verification and validation, planning and control, risk management, people management, quality management and software engineering principles.
In software development, there are several of factors that have been used prior to development of software. The factors that fulfill the value-based needs have to be identified and marked as future references to develop software. In this study, value-based factors were concern with a circumstance, fact, or influence that was importance, worthy or useful to one's need which contributed to a result.
Grounded Theory is a well-established technique in data
analysis especially for qualitative data [4] . It is a systematic approach for data collection, handling and analysis [5] . Based on the systematic approach, an inductive theory about substantive area is able to be generated [6] . The collected data has its own properties and every action taken is recorded properly. This is important to group the data based on the similar properties and according to its own core category.
The objective of this paper is to identify value-based factors in software development by using grounded theory as data analysis strategy. This paper is organised in four sections. Discussion on related work in VBSE and associated factors is in Section 2. Section 3 elaborates an adapted grounded theory approach employed in this study. The next section presents the obtained results and discussion. The final section concludes the study.
II. RELATED WORK
A number of studies have employed value-based concept in research ranging from requirements, architecture, design, testing and many more. For example, in the area of requirements, many researchers have attempted to study requirements prioritisation in order to rank the stakeholder requirements according to value level. A software product has strong correlation with the requirements requested by the participating stakeholders. The stakeholders consist of several individuals that have interest in the software product. A requirements prioritisation is needed in order to rank the stakeholder's requirements so that the produced product contains more value. This has been addressed by Wohlin and Aurum [7] and Barney et al. [8] in which surveys were conducted at the industry level to obtain the influenced criteria to prioritise the requirements. Azar et al. [9] have produced value-oriented prioritization framework to prioritise requirements in small organisation related with business core values.
In the software process tailoring aspect, Kalus and Kuhrmann [10] has produced a catalogue containing criteria that influence the software process tailoring together with the impact based on the literature review. Meanwhile, a study that conducted by Mallawarachchi and Jayasena [11] has suggested factors that affect software process tailoring and their correlation with project success or failure based on an empirical survey of the Sri Lankan industries. The tailoring domain was combined with goal-analysis technique to identify the optimum method fragment by using important attributes under product, project and organisation [12] . Meanwhile, an investigation of situational factors was carried out by Khan et al. [13] and Clarke and O'Connor [14] in the context of global software development and the software development process respectively.
There were several works that have been used the grounded theory approach in software development. In the situational factors, Clarke and O'Connor [14] has used grounded theory to develop a reference framework contains with situational factors that affect the software development process. They have used the data from the primary studies to develop the framework. In the same domain but narrowing to the requirement engineering, Khan et al. [13] has identified the situational factors in order to develop the framework to be used in the global software development. They used data from the literature reviews after conducting the Systematic Literature Review (SLR) method. In software process improvement (SPI), a study that has been conducted by Sulayman et al. [15] has produced a theoretical framework of SPI success factors for small and medium size company. Meanwhile, Coleman and O'Connor [16] has used grounded theory approach to analyse the interview data in order to understand the software process improvement in the Irish software product companies.
III. METHODOLOGY
Grounded theory approach was used as data analysis strategy to analyse the extracted data from the Systematic Literature Review (SLR) study in which the procedure and results can be found in Zakaria et al. [17] . In summary, the purpose of the SLR study was to investigate the value-based factors in the software development. There were 28 data sources were included for detail study after conducted the SLR procedure.
The purpose of using grounded theory was to uniform the concept, categorisation and meaning related with the purpose of this study, that is, the identification of value-based factors in software development. This is because the value-based factors outlined in the literature review sometimes used different words but with similar meaning and vice versa. In addition, even though the study was within the context of software development, the focus of the study was different (e.g., phases and domain). Therefore, a standardisation must be made to categorise the factors that would reflect software development.
The procedure to employ the grounded theory was adapted from Birks & Mills [4] which consisted of three essential steps: (a) data extraction and initial coding, (b) memos writing and constant comparative analysis and final step was (c) identification of a core category and memos writing. Figure 1 illustrates the adapted grounded theory procedure and description on each step is given below.
Data extraction & initial coding:
According to Birks and Mills [4] , data extraction and initial coding would be the first step in performing the data analysis. "It is a way of identifying important words, or groups of words, in the data and then labelling them accordingly". In this study, data were the value-based factors in the software development and software tailoring. The data were based on the 'factors', 'attributes', 'criteria', 'parameters' and 'goals' that were discussed explicitly in the literature review. However, there were also several studies which had implicitly discussed the value-based factors. In this case, the factors (data) were extracted after these two processes had been performed:
• Careful reading to understand the context and the important aspect of the study.
• Reflection of the value-based software engineering agenda and concept.
A question was developed as a guideline to extract and code the data. The question was: 'What is the required factor/ parameter that was valuable/important and used in the study?' The data extracted were coded and saved in one master list by using Microsoft Excel application. Besides value-based factors, the master list also captured the data sources and phases/ domains of the study. This was done in order to easily associate the code with the concept and category to be built in the next process. 
Develop intermediate coding:
Intermediate coding is a process of reconnecting data acquired from the previous step (data extraction and initial coding) [4] . There were two actions done in this process and described below. [4] . In this study, memo writing and constant comparative analysis process was done iteratively. There were two actions done in this process and every change was recorded as memos in the master list. The actions are described below:
Action 1: Identify duplicate code
In this action, the code was analysed thoroughly to identify any duplication during the extraction phase. The first part was to identify the duplicate code with the same textual label. In this case, the code was grouped together while the main sources of the code were carefully recorded. There was no memo written for any changes because the code was directly taken from the original sources. The second part was to identify the duplicate code that had different textual label but carried the same meaning. In order to address this problem, the next action (Action 2) would be required before the code was assigned with the new label.
Action 2: Examine the domain of study and meaning
This action was performed when the code existed with different textual label but embodied similar meaning. When this happened, the examination of the domain of the study was performed. The examination was based on the literature review context of study. Several aspects like investigated phases, evaluation conducted and meaning given by the literature review were considered during the examination. This process was vital to avoid mistake in merging the code and giving the new label. Memos were written based on the reasons of the changes for the new label of the code.
Identification of a core category and memo writing:
Once the factors were filtered after undergoing the above process, a core category or classification of the codes would be required. The categories were a group of concepts that encapsulated the same phenomenon [18] . In this study, the classification of the factors was made based on the codes that were within the same context. Constant comparison between the core categories was conducted and memos were written in the master list indicating the reason for the given classification. The purpose of the memos was to easily track the rationale and reason of any changes and new classification performed as this was the first result of the value-based factors and classification.
Correction & modification:
Correction and modification was made if any mistake was found in the list of value-based factors after discussion held among authors was made.
IV. RESULTS & DISCUSSION
This section presents the results of applying the grounded theory in identifying the value-based factors in software development. In addition the final list of value-based factors and definition of each classification is tabulated.
Data extraction & initial coding:
In this step, there were two types of data which were value-based factors and classification of value-based factors. After conducting this step, there were 74 data (value-based factors) and four data (classification of the value-based factors) that were extracted from 28 sources. All extracted data were coded in one master list by using Microsoft Excel application. The recorded fields were classification of data, value-based factors, code number, code name, domain/phase of study and sources. At this stage, no memos were written because there was no comparison was done between the data.
Develop intermediate coding:
Another spreadsheet was created in Microsoft Excel application in order to conduct the constant comparison and memoing step. The recorded fields were current classification of the data, code number, code name, source, suggested code name and reason. Besides textual duplication, code that had different label but carried the same meaning was examined thoroughly. For example, 'customer demand', 'customer requirement' and 'stakeholder priority requirement' were all related with success-critical stakeholder requirements even though the wordings were different. Similarly, success-critical stakeholder satisfaction label contained different data like 'customer satisfaction', and 'client satisfaction' but carried the same meaning. The total of final data (value-based factors) was 34 after the constant comparison process was conducted.
Identification of core categories and memo writing: Initially, there were four data (classifications) that were coded in the data extraction: 'business', 'organisation', 'project' and 'product'. After constant comparison and memoing step, another two categories were added namely 'success-critical stakeholder' and 'resources'.
Correction & modification:
Discussion was held among authors to identify any mistake or data which have been overlooked and refine the value-based factors list. Initially, after undergoing the above process, there were 34 data (valuebased factors). After the discussion, one value-based factor under product classification namely 'modifiability' has similar meaning with 'maintainability'. Therefore, 'modifiability' was placed under 'maintainability' and memos were written on the changes made. The final list contained 33 data or value-based factors after correction and modification were made as tabulated in Table 1 . The definition for each classification of the value-based factors is outlined in Table 2 . Adapted from [8, 11, 12] .
Business Strategy
A long term plan or method designed by the management to achieve desired goals or objectives.
Adapted from [9] .
Organisation Constitution and profile of the organisation.
Adapted from [12, 43] .
Project
Valuable attributes in the software project that affect the result of project execution or successful project completion.
Product
Valuable attributes in the software product that affect the successcritical stakeholder's satisfaction and software project success.
V. CONCLUSION
This study aimed to use adapted grounded theory approach to analyse data obtained from an SLR study in order to identify the value-based factors in software development. The list of value-based factors was concerned with factors that were important and needed in software development which had been investigated previously as discussed in the literature review. There have been several studies which have used VBSE concept to produce value-centric product but these works have existed in silos. This means that different domains or phases in software development may use different factors or they might also be similar. Hence, this study has made a contribution to the literature by producing a list comprising all possible valuebased factors in software development.
After using the adapted grounded theory approach, the 74 extracted data were reduced to 33 data under six classifications. The list of value-based factors produced in this study can be used generally in the software development and contributed to the improvement of the current state of knowledge for software development team. Value-based factors are broad and have shown that software development would not only be concerned solely with technological aspect but also with the perspective of business and people. The list of value-based factors can be used by many roles in software development team ranging from project manager to programmer in managing and developing the value-based software product. It can be a reminder, checklist or guidance for them prior to the commencement of any software project to help adhere to value-based concept and produce a valuable product. 
